in improving clinical productivity. 3 The academic portion of productivity-based faculty compensation, however, has rarely been described. 3 4 We have developed a comprehensive system that recognizes both clinical and academic activities to support strategic and financial objectives by aligning financial incentives with individual, divisional, departmental, and overall organizational performance measures.
This report describes the performance-based faculty compensation system applied within a department and evaluates its impact on academic and clinical activities.
Methods
Our local institutional review board (IRB) deemed approval of our study unnecessary as it used administrative data. Anonymity of the data was strictly maintained by de-identification by the administrative team.
Institutional background
The University of Pittsburgh Medical Center (UPMC) is located in the city of Pittsburgh, PA, USA, serving a population of 2.5 million. After merging with several community hospitals in fiscal year (FY) 2010 (July 1, 2009-June 30, 2010) and FY2011, the anaesthesiology faculty provided clinical care at 11 hospital sites. Subspecialty hospital sites (a children's and a women's hospital) are covered by designated subspecialty anaesthesiologists. Critical care is provided by the faculty in the Department of Critical Care Medicine, which became independent from the Department of Anaesthesiology in 2001.
Performance-based faculty compensation system
Creation and implementation of the system
The compensation system was implemented in FY2004 because of the department's parent multi-specialty division's requirement for 30% of physician compensation to be performancebased. The remaining portion of the salary is paid according to rank and years of service. The system was created by the department's executive steering committee and approved by the anaesthesiology faculty. There have been no major modifications to the system since its initial implementation.
Clinical and academic faculty
Faculty are categorized as either clinical, who devote 100% of the time to patient care and clinical education, or academic, who spend varying amounts of time on non-clinical activities. The clinical performance-based compensation system is applied to both clinical and academic faculty, while the academic performance-based compensation system is applied only to academic faculty.
The basic science faculty has an independent research performance-based compensation system, which is not discussed in this study.
Clinical performance-based compensation
The goals of the compensation plan were to increase individual productivity and to align incentives with UPMC multi-specialty groups through two mechanisms: (i) increased total time in clinical coverage and (ii) increase in concurrency by adhering to the requirements necessary to bill as 'Medical Direction' and avoiding required billing as 'Medical Supervision'. Total hours The system is based on 'total hours', 5 defined as the duration (minutes) of anaesthesia care which is calculated from the billing records. The clinical performance-based compensation is determined based on the following guidelines: (i) calculation of each provider's total hours, (ii) comparison between faculty's total hours and 'the site mean per full-time equivalent (FTE)', and (iii) calculation of performance compared with the site mean (as percentage of the site mean).
No adjustment for concurrency or by the American Society of Anesthesiologists' Relative Value Guide TM (ASA RVG) [https:// ecommerce.asahq.org/p-458-2012-relative-value-guidesupregsup-a-guide-for-anesthesia-values-book.aspx (accessed on September 19, 2012)] was performed.
This 'site mean' adjusted compensation scheme is the key in this system. It was developed to unify monetary conversion of the inherently different clinical activities per hospital site or complexity of cases. The historical production data by total hours of each hospital site in FY2003 has become the reference value of each site and been used throughout the entire study period. This mean total hours in FY2003 in each clinical site (termed as the 100% site total hours) are considered monetarily equal among all clinical sites. Instead of taking account of ASA Relative Value Units (RVUs) of each case, the department provided an additional annual compensation for anaesthesiologists who opt to take care of complex cases (e.g. cardiac or transplant cases). Clinical work not billed using time units (e.g. pain patient care and obstetric care) is compensated with a preset compensation per day of work.
The money is distributed based on each faculty's clinical productivity, which is calculated as follows:
Clinical productivity (%)
=
Total hours/Mean hours achieved in the specific clinical site in the base year (FY2003)
The '130% site mean' is considered the target to be achieved by both academic and clinical faculty, because the tiered earning structure is devised to have the greatest earning level per billable hour between 120 and 130% of the site mean. Earnings per billable hour after achieving 130% of the site mean diminish significantly. Therefore, achieving the 130% site mean offers the peak earning level per hour. In terms of this monetary reward scale per percentage increase, it was set such that the relatively larger monetary reward per increase of percentage site mean was awarded to the clinical faculty rather than to the academic faculty. Full-time faculty anaesthesiologists share call duties at each clinical site per their clinical FTE. A full-time administrative staff created a monthly work schedule of faculty members at each clinical site and the clinical assignments were distributed in even number of dates of general operation room (OR) coverage, long coverage, post-long coverage, on calls, and off-days with Performance-based faculty compensation consideration of non-clinical days for the academic faculty. One of the designated faculty members made a daily faculty OR assignment based on the monthly clinical assignment.
Determination of the need of clinical FTE A standard
spreadsheet was used to determine clinical FTE need throughout the department. This calculation utilized the coverage expectations by the institution, concurrency limitations based on the number of trainees and complexity of caseload, and call requirements to determine the number of clinical FTEs required. Towards the end of a FY, the administrative team of each clinical site had accurate prediction of the need of clinical FTE. Based on these clinical demands, each site would determine the need of new faculty member (or lack thereof).
Academic performance-based compensation
The goals of the academic performance-based compensation system were to provide as broad a base of expression of academic activity as possible and to help individuals recognize what activities were considered academic and which would result in financial compensation. No academic or administrative overtime was considered in this system. Rather, this system provided non-clinical time for academic faculty to perform these activities in the normal hours, which traditionally was performed after hours. We did not set a particular limitation of the academic FTE in total.
FTE and 'salary at risk' A FTE is a general way to measure a worker's involvement in a project; one FTE equals 100% involvement in a project, and for our purposes was considered equivalent to 2300 merit matrix points, which was chosen to equate time with an expected time commitment for all faculty: a 50 h average work week with 46 weeks of total commitment after vacation and meeting time deductions. Academic faculty is permitted varying amounts of non-clinical time up to 80% of FTE. Faculty with .20% non-clinical time commitments must be approved by the department chair. In exchange, academic faculty must earn salary for the nonclinical time percentage, termed as 'salary at risk', through academic activities; a faculty member with 20% non-clinical time puts 20% of the performance-based salary at risk and has to gain the academic merit matrix points of 460 (2300×0.2) to earn the salary at risk. Unaccounted portions of the salary at risk are absorbed into the department budget at the conclusion of the FY.
Definition of academic activities within the merit matrix system Academic activities are defined and weighed by merit matrix points in three major categories: research/publications (Appendix 1), teaching (Appendix 2), and administration (Appendix 3). This merit matrix system is an original creation. Each academic faculty is able to earn points by participating in any academic activity. Faculty earning 150 merit matrix points above and beyond their required points are eligible for additional incentive earnings.
Evaluation and payment The merit matrix form is available to all academic faculties and must be completed by each member, reviewed and approved by their site chief, and submitted to the department's payroll coordinator for payment. Compensation is distributed twice a year.
Considerations for junior faculty members
New junior academic faculty are exempted from the compensation system for 1 year. For those within 5 years of completion of the training, no limitation is placed on the merit matrix points earned by scientific abstracts, while there is a cap for the senior faculty (Appendix 1).
Analyses of impact of performance-based compensation system
Faculty retention Hypothesis 1: implementation of the system will causes a significant change in composition of faculty members.
The composition of the faculty is described in the FTE per category per FY. The percentage composition of each category in the total FTE was also calculated. The compositions of the academic FTE in each FY were compared using x 2 -test. Of note, academic/clinical faculty tracks did not officially begin until FY2003, when the faculty members were asked to allocate their FTE on academic activities. The new compensation system was implemented as of FY2004. Therefore, all faculties at four academic hospital sites among nine original hospital sites were categorized as 'academic' in FY2001 and FY2002.
Clinical work output
Hypothesis 2a: under the new clinical performance-based compensation system, both categories of faculty will become more clinically productive.
The clinical work output of each faculty was represented by percentage site mean each FY. The average percentage site mean was calculated per category per FY, which was then compared using analysis of variance with Bonferroni correction in each faculty category. Also, the rate of each faculty member who achieved the 130% site mean in the annual total hour was calculated.
Hypothesis 2b: under the new clinical performance-based compensation system, the clinical faculty members will be more clinically productive than the academic faculty.
To analyse the potential difference in clinical work output between clinical and academic faculty, the above hypothesis was set. The percentage of faculty members achieving 130% site mean clinical productivity was compared between the clinical faculty and the academic faculty using x 2 -test per FY.
Academic productivity
Hypothesis 3: under the new system, the productivity of the academic faculty will increase, especially in peer-reviewed publications.
General academic productivity is represented by (i) the percentage of academic faculty who regained salary at risk and (ii) percentage of academic faculty who earned 150 merit matrix points above and beyond their required points. Peer-reviewed publications were searched using the term 'Department of Anesthesiology, University of Pittsburgh' in PubMed. Published manuscripts were categorized as original research articles or other articles. Each journal's impact factor at the year of publication was recorded using Journal Citation Reports w (ISI Web of Knowledge SM , Thomson Reuters, New York, NY, USA) and used as a surrogate marker, because the number of citations of each manuscript was not feasible, as the follow-up periods of each article after publication widely varied. The authorship was also checked (Appendix 1). The annualized average number of peer-review journal publications per academic FTE, the average impact factor of the peer-reviewed journals, and the annualized average merit matrix points earned with peer-review publications per academic FTE were, respectively, compared between the pre-incentive period (FY2001-FY2003) and the post-incentive period (FY2006-FY2011) using the Mann-Whitney U-test. Data from the transitional phase (FY2004 -FY2005) and publications authored solely by basic science faculty were excluded.
In each statistical analysis, the level of significance was set at P,0.05. Statistical analysis was performed using GraphPad Prism 4 (GraphPad Software, Inc., La Jolla, CA, USA).
Results

Faculty retention and allocation of clinical and academic FTEs
The composition of the academic FTE differed among FYs (P¼0.003), because of the 40% decrease in academic FTE from FY2002 to FY2003. After implementation of the new compensation system in FY2004, academic FTE decreased by 12.0% in FY2005 (Table 1) . However, it recovered to baseline level in FY2006 and remained relatively stable. Clinical FTE saw a 6.6% decrease in FY2005, while it increased in FY2006-FY2010 because of UPMC's acquisition of additional clinical sites. Hypothesis 1 seemed supported only at the initial phase of implementation.
Clinical work output
Clinical work output increased in both categories, in which the majority (.50%) achieved the 130% site mean ( Table 2) . Hypothesis 2a was therefore supported.
The percentage of faculty members who achieved .130% site mean work output was significantly higher in clinical faculty than in academic faculty in each FY. Hypothesis 2b was supported.
Academic productivity
All academic faculty regained salary at risk in each FY. The percentage of faculty who achieved .150 merit matrix points above and beyond was 36% (FY2007), 33% (FY2008), 28% (FY2009), and 25% (FY2010).
Peer-reviewed publications are summarized in Table 3 and the indices were adjusted by academic FTE in Table 4 . The annualized average numbers of original research publications adjusted by academic FTE significantly increased from the preincentive period to the post-incentive period ( Fig. 1 ), while the annualized average impact factor did not change [1.83 (1.50) vs 1.80 (1.42); P¼0.61]. The annualized average merit matrix points for original research publications adjusted by academic FTE significantly increased (Fig. 2 ). The portion of the faculty who were either the first author or the senior/corresponding author of publications was stable [48.7 (7.5%)]. The result supported Hypothesis 3.
Discussion
The idea of an incentive system and its potential to improve workers' productivity is described in the medical literature as early as the 1930s. 6 The prevalence of clinical incentive systems was reported to be 71% (94 of 133) in US academic anaesthesiology departments in 2003. 2 A clinical incentive system resulted in a large increase in the variability of total compensation among faculty, and the mean difference in total compensation between junior and senior faculty members decreased. 1 Our clinical performance-based compensation system resulted in a significantly increased number of clinical faculty members who achieved more than the target number of total hours to earn the standard compensation than the academic faculty. These findings suggest that clinical performance-based systems are widely used and provide faculty members a chance to increase their compensation if they wish to do so.
Of note, the term 'performance-based compensation' was used to best describe our system, which had a goal to ensure Performance-based faculty compensation that physicians receive financial reward according to their effort instead of a fixed salary. 7 This term has mistakenly been referred to either an 'incentive' or a 'productivity-based compensation' interchangeably. The distinction, however, should be appreciated, as an incentive system rewards activities that would not be performed otherwise, while a productivity-based compensation system considers a wider variety of activities worthy of the mission. 8 9 Our system has both elements. The caveats of clinical revenue-based compensation are that it may distract faculty from the intrinsic rewards of academic medicine, hence jeopardizing fulfillment of academic missions, 10 11 and it was suggested as the independent predictor of academic surgeons' dissatisfaction with salary. 12 Therefore, the compensation plan for academic activity along with clinical activity has been advocated, as it is vital in light of current difficulty in securing funding for health science research. Substantial portions of faculty conduct research and publish papers without sponsorship. 13 Interestingly, such compensation systems for academic activities have not been widely implemented. 14 -16 However, it has been reported to improve faculty satisfaction, increase clinical and research revenue, and increase median faculty salaries. 17 18 Although one case study at a large anaesthesiology department showed that implementation of a productivity-based compensation model did not change academic productivity, 3 a study in an academic surgical department showed faculty members' perception of the incentive system was positive, which encouraged faculty to increase academic pursuit. 19 One large medicine department implemented the concept of relative teaching units, which enabled the department to quantify teaching effort on a consistent and reproducible basis and to allocate teaching funds. 20 Our study showed that scholarly productivity by the academic faculty, measured with annualized peer-reviewed original research manuscripts, significantly increased.
In order to create a reward system for academic activites, department leadership must decide which activities to include and relative values for each activity, and the plan must be transparent and agreed upon by participating faculty. 21 -24 Glass and colleagues 24 stress the importance of using a common measure, such as a relative value scale, to convert multiple indicators to physician compensation. 24 Although there is a concern that the system may become overly complex, 22 complexity should be accepted for the sake of completeness. Our plan includes all possible academic activities which would achieve the academic mission. In 2004, Weigel and colleagues 25 independently proposed a prototype of merit matrix system to recognize all three area of academic activates (research, teaching, and administration); their point system also advocated the use of relative weight system on each element of the activities.
Including the academic portion in performance-based compensation raises several potential concerns. First, the Performance-based faculty compensation programme's financial health is important to support such a plan. Given the amount of institutional support money which average US academic departments rely on, 26 27 providing salary support for academic activities would be challenging if a programme intends to reward all academic productivities as a bonus. 9 Our plan adopts the concept of 'salary at risk', which is meant to provide academic faculty the opportunity to regain the portion of salary pooled in the department in exchange for non-clinical time allowed. Secondly, clinical faculty members may feel they are excluded from academic activity; however, our experience is quite to the contrary as the best clinical teacher awardees have often been selected from the clinical faculty. 28 There are several limitations in this study. First, this study should be considered a case report of an innovative compensation system used in one institution. 8 The system, however, could be a potential model for other institutions wishing to build such a compensation plan. Secondly, there is the potential to over-estimate academic FTE before the implementation of the system, when there could be anaesthesiologists who are considered 'academic' with minimum non-clinical time, but were really clinical providers without an expectation for academic production. However, even before the implementation of the plan, the faculty awarded non-clinical FTE should have an equal opportunity for academic activity if they chose. Thirdly, we did not use ASA RVU to calculate clinical work output; rather we relied on total hours. We acknowledge that the conversion of clinical charges into more transportable ASA RVU should be able to avoid variability by practice, by region, and over time within institutions. 29 30 However, the use of total hours and the adjustment scheme using site mean in each clinical site actually enabled us to unify the compensation for the faculty as a whole.
In conclusion, an integrated academic and clinical performance-based faculty compensation system could be feasible and efficacious in a large academic anaesthesiology department.
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